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Introduction
Human immunodeficiency virus (HIV) infection is endemic in South Africa. Based on a recent South African National HIV survey, it is estimated that in 2012, 12.2% of the population (6.4 million persons) were HIV positive [1] . The highest prevalence of HIV in the population is among females in the 30 -34 year age group (36%) and among males in the 35 -39 year age group (28.8%) [1] . Human immunodeficiency virus (HIV) and the resultant acquired immunodeficiency syndrome (AIDS) are associated with an increased risk of infection and malignancy, primarily as a consequence of immunodeficiency.
Lymphomas are malignancies of lymphoid cells, arising in lymph nodes and other lymphoid tissues, with Non-Hodgkin lymphoma (NHL) representing a heterogeneous group of indolent and aggressive disorders arising from B-cells, T-cells and natural killer cells (NK) [2] . High grade (aggressive), B-cell NHL is the classical haematological malignancy that complicates HIV [3] . However, in the last decade it has become apparent that Hodgkin lymphoma (HL) is an emerging HIV-associated malignancy [4] [5] .
In sub-Saharan Africa, HIV is the major factor that has contributed to an increase in the incidence of lymphoma in this region. The impact of HIV on lymphoma (in particular, NHL) in South Africa, based on data from a large, tertiary level, public sector hospital will be presented.
Lymphoma and HIV
Lymphomas are encountered with increased frequency in people living with HIV/AIDS (PWHA) [3] . In the post HAART (highly active anti-retroviral therapy) era, non-Hodgkin lymphoma (NHL) is the most common malignancy in PWHA, superseding Kaposi's sarcoma. This is particularly true in resource-limited settings, such as sub-Saharan Africa, where there is a noticeable increase in NHL incidence [6] - [9] . HIV-NHL are typically highgrade, B-cell lymphomas, such as diffuse large B-cell lymphoma (DLBCL) and Burkitt lymphoma [3] [9] [10] . Indolent lymphomas tend to be more sporadic, and according to the AIDS Lymphoma Registry, account for <3% of all NHL occurring in HIV seropositive patients [11] .
The first report of the HIV/AIDS epidemic in Africa, was in 1984 [12] . The major risk factor for acquiring HIV in Africa occurs in relation to heterosexual relationships, and accounts for an approximately equal male to female ratio, as compared to developed countries (such as in Europe and North America), where the major risk groups include intravenous drug use and homosexual relationships, thus predominantly affecting males. Early in the HIV epidemic, there was no noticeable increase in the incidence of NHL in Africa, compared to the United States of America (USA) [12] . This was attributed to PWHA dying earlier in the course of their disease, largely from infectious complications such as tuberculosis and pneumonia. The early mortality prevented the subsequent or later development of NHL. In addition, there is underreporting of lymphoma in Africa, or the diagnosis may be missed, with a diagnosis of an infective cause of lymphadenopathy (such as tuberculosis) being favoured over lymphoma, especially in the absence of performing a formal diagnostic intervention, such as a fine needle aspirate or a lymph node biopsy [12] - [14] .
Chris Hani Baragwanath Academic Hospital (CHBAH) is a large, tertiary, public sector, University of the Witwatersrand linked hospital, located in Soweto, Johannesburg. The first patient with HIV-NHL at CHBAH, was seen in 1993. In the decade that ensued, there was only a modest increase in HIV-NHL. This is corroborated by the study of Stein et al., 2008 , in which it was shown that the percentage seropositivity of NHL in a South African cohort (which included patients from CHBAH) was 44.4%, with a relative risk of 5.9 (95% CI = 5.3 -8.1), during the period 1995-2004 [15] . This study, together with other studies published in the 1990's and early 2000's, suggested a consistently lower risk of NHL occurring in relation to HIV, compared to the Western world [16] . However, in the last decade, at our single institution, there has been a significant increase in both patient numbers and HIV seropositivity (see Figure 1 and Figure 2 and Table 1 ). Indeed, NHL is the commonest haematological malignancy seen in adults at CHBAH, accounting for an average of 40% of the total number of patients with haematological malignancies at our institution (see Figure 1) . Thus, the focus of this review relates to the increased incidence of NHL in the setting of HIV, and the impact of this increase in our patient population. [20] . However, since 1998, there has been a noticeable increase in the proportion of seropositive patients with NHL (see Table 1 ), and furthermore, a significant increase in the total number of patients with NHL since 2002. For the period 2003 to 2012, the average percentage seropositivity increased from 34% to 74% and the average number of patients increased from 25 to 75 per year (see Table 1 and Figure 2 ). The number of seropositive patients with NHL continues to increase, with an average in excess of 100 patients per year in the last three years (2012 to 2014) (unpublished, personal data). Similar increases in the incidence of NHL in relation to the HIV pandemic have been noted in other parts of South Africa such as the Western Cape, as well as other parts of Africa, including Uganda [21] [22] . Table 2 shows a comparison of data on NHL patients in adults at CHBAH, during two time periods, viz., 1993 to 2005 (13 years) and 2006-2012 (7 years) [7] [23]. Data from these 2 studies further emphasize the impact of HIV on an increase in patient numbers, from an average of 32 patients per year in the first 13 year period to 85 patients per year in the latter 7 year period. The median age of all the patients was 43 and 42 years respectively, with a younger age of the HIV seropositive patients of 36 and 39 years respectively. Furthermore, the male to female ratio has changed, from there being a higher male to female ratio of 1.35:1 in the earlier study, to a slightly higher female predominance of 1.1:1 in the latter period (see Table 2 ).
In Europe and USA, lymphoma generally occurs in patients with long-standing or established HIV, who are on anti-retroviral therapy [24] [25] . This is different in South Africa, where HIV is a new or simultaneous diagnosis at the time of the diagnosis of lymphoma in 91% of the patients and 50% of the patients in the former and latter studies respectively (see Table 2 ). Moreover, despite their being a proportion of patients who were known to be HIV positive when the lymphoma was diagnosed, not all of these patients were on anti-retroviral therapy.
Pathology
The pathology of NHL has evolved in the last two decades at CHBAH, primarily based on the impact of HIV [7] [23]. This is depicted in Table 3 .
Diffuse large B-cell lymphoma (DLBCL) is the commonest histological subtype of NHL in both seropositive and seronegative patients and has remained as such throughout these two time periods. In adults, BL at CHBAH DLBCL (IM-BL, DLBCL) has increased from 9% to 22%, while plasmablastic lymphoma (PBL) has increased from 3% to 23% in HIV positive patients. The histological subtypes that are noted in Table 3 . PBL, BL and IM-BL, DLBCL occur predominantly in seropositive individuals (>90% -95% of the patients with these entities are seropositive, unpublished personal data), and are the histological subtypes now encountered more specifically in patients with HIV-NHL [26] - [29] . In contrast, the indolent lymphomas such as small lymphocytic lymphoma (SLL) and follicular lymphoma (FL) are seen predominantly in HIV negative individuals (see Table 3 ).
Clinical Presentation and Outcome
The clinical presentation and course of HIV-NHL patients tends to be more adverse and aggressive than in their seronegative counterparts. Table 4 shows a comparison of the clinical features of lymphoma patients over a 13 year period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) , at CHBAH. In general, lymphoma patients at CHBAH, irrespective of their HIV status, present late, with more adverse prognostic factors [30] . However, in addition to this, HIV-NHL, presents at a statistically significantly younger age, with more aggressive (high-grade) histology, more extranodal disease, and poorer prognosis (see Table 4 and Figure 3 ) [7] . Figure 3 shows the Kaplan-Meier survival curves in HIV seropositive and seronegative patients, with a statistically significantly inferior survival (p < 0.05) in HIV-NHL [7] . The management of HIV-NHL poses a formidable challenge because of the increased myelosuppression, increased frequency of opportunistic infections such as tuberculosis, the greater likelihood of organ dysfunction due to HIV, more frequent bone marrow involvement, potential drug-drug interactions of the anti-retrovirals with the chemotherapy, the more advanced and widespread nature of the disease at presentation and the predominance of aggressive histological subtypes. Treatment approaches include optimal supportive care (combination anti-retroviral therapy, anti-fungals, prophylactic antibiotics, growth factors such as G-CSF, blood and blood products), treatment of concurrent infections such as tuberculosis, together with standard combination chemotherapy, intra-thecal chemotherapy where indicated and radiotherapy where necessary. At CHBAH, standard therapy for HIV-DLBCL and HIV-PBL includes CHOP (cyclophosphamide, hydroxydaunorubicin, oncovin, prednisone) or CHOEP (CHOP plus etoposide) and more recently an ongoing, randomised study comparing CHOEP versus R-CHOEP (CHOEP plus rituximab), and an institutional based protocol of combination chemotherapy for BL (unpublished, personal data). However, in general, response rates in HIV-NHL are lower than in seronegative patients, despite the substantial progess made in the last decade in HIV lymphoma, using infusional regimens such as CDE/R-CDE, EPOCH/R-EPOCH and SCT where relevant [31] - [34] .
An important feature in the management of HIV-NHL is the simultaneous or sequential use of combination anti-retroviral therapy (c-ART). Figure 4 shows the beneficial impact of simultaneous anti-retroviral therapy (this is our standard of practice) in our HIV-NHL patients. At the time of this review, only 29/198 patients with [7] .
HIV-NHL were on c-ART, as the "HIV-rollout" in South Africa began much later than in other areas of the world, in 2004 [7] [35] . The median CD4 count in this cohort of patients was 177ul/ml (range 8 -1002) [7] . Combination anti-retroviral therapy (c-ART) is continued in patients who are already on treatment at the time of initiating the chemotherapy, and commenced as soon as possible in patients who are not on c-ART. These drugs are generally well tolerated from a myelosuppressive point of view (currently, the first line treatment does not include zidovudine and lamivudine). In addition, the NRTI's (nucleoside reverse transcriptase inhibitors) have no/minimal effects on drugs that are metabolised by the cytochrome p450 system in the liver, whereas NNRTI's (non-nucleoside reverse transcriptase inhibitors) induce the enzyme system, and the protease inhibitors inhibit drugs metabolised by the cytochrome p450 system. This may necessitate dose adjustments for appropriate drugdrug interactions [36] .
Conclusions
Lymphoma is the commonest haematological malignancy encountered in adults at CHBAH. The increased incidence of NHL is directly related to the high seroprevalence of HIV in the population that CHBAH serves. NHL in the setting of HIV are typically high grade/aggressive B-cell lymphomas. Diffuse large B-cell (DLBCL); BL; B-cell NHL, with features intermediate between BL and DLBCL and PBL are the most frequent histological subtypes encountered. With the exception of DLBCL, all the above subtypes are very uncommon in HIV seronegative adults, with the latter two entities gaining prominence only in the last decade. In addition, HIV-NHL presents with other poor prognostic factors such as more frequent constitutional symptoms, more advanced stage disease, more bulk disease and more extranodal disease and overall, a shorter median survival. In addition to chemotherapy, cART forms the cornerstone of treatment and in our setting is administered concomitantly and simultaneously with chemotherapy. Atypical presentations are common and newer entities such as "double-hit" and "triple-hit" lymphomas, as well as "gray-zone" lymphomas are seen more frequently in the HIV seropositive population [37] [38] .
The data presented in this review show that at CHBAH, NHL, over the past two decades is an evolving entity. There is little doubt that HIV has been and continues to be the major contributor to this evolution. It is thus essential that all attempts at preventing, controlling and lessening the burden and scourge of HIV continue and are escalated, in order to halt the increase in HIV-NHL prevalence and incidence, together with its deleterious clinical consequences, in South Africa.
